Abstract. The present study aimed to investigate the anti-exudative effects of sodium ferulate combined with oxymatrine in a mouse model of acetic acid-induced peritonitis. Furthermore, the underlying mechanisms were explored by determining the effects of these drugs on the volume and aquaporin 1 (AQP1) expression in vascular endothelial cells on omentum majus and human umbilical vein endothelial cells (HUVEC). Treatment with sodium ferulate combined with oxymatrine was shown to significantly inhibit acetic acid-induced vascular permeability in the peritonitis model mice and furthermore to significantly decrease the optical density of Evans blue, the leukocyte number and the levels of interleukin-6, C-reactive protein and interferon-γ in peritoneal lavage fluid. Pathological analysis of the omentum majus revealed that sodium ferulate and oxymatrine combination treatment significantly alleviated vascular endothelial cell edema and capillary loss. In vitro, flow cytometry revealed that the volume of HUVECs was significantly reduced in the drug treatment groups, as reflected in the forward scatter value. The optical density of AQP1 on the membrane of the vascular endothelial cells on omentum majus and HUVECs were significantly increased in the drug treatment groups compared with the model group. These results indicated that sodium ferulate and oxymatrine combination treatment possessed prominent anti-exudative effects and that the underlying mechanisms are likely to include the improvement of vascular endothelial cellular edema, possibly by upregulation of AQP1 expression on their membrane, which requires further exploration.
Introduction
Sodium ferulate extracted from Angelica sinensis and Oxymatrine, an alkaloid extracted from Sophorae flavescentis, have been reported to possess anti-inflammatory and anti-oxidant effects (1, 2) . Previous studies revealed that a combination of sodium ferulate and oxymatrine exerted synergistic anti-inflammatory effects (3) (4) (5) (6) . The studies demonstrated that sodium ferulate and oxymatrine combination significantly inhibited xylene-induced edema in mouse ears and carrageenan-induced edema in rat paws. A mechanistic study revealed that the anti-inflammatory effects of sodium ferulate and oxymatrine combination was mainly associated with its modulatory effect on interleukin-6 (IL-6), IL-11, C-reactive protein (CRP) and interferon-γ (IFN-γ) in a RAW 264.7 cell model stimulated by lipopolysaccharides (4), which had also been verified in mouse models of cecal ligation and puncture-induced sepsis and enthanol-induced liver damage as well as in a RAW 264.7 cell model of lipopolysaccharide-stimulated damage (5, 6) .
Inflammation is a defensive response of the body to pathogenic agents, which is a common and important basic pathological process in the development of diseases (7, 8) . An appropriate inflammatory response is beneficial for the body to eliminate the invading pathogens, but an exaggerated inflammatory response, such as that to lung edema, peritonitis and sepsis, is harmful for the body (9) . Therefore, anti-inflammatory drugs are widely used in the clinic. Study of the inhibition of cyclooxygenase activity is an important route for the screening of non-steroidal anti-inflammatory drugs. However, preliminary experiments by our group found that the combination of sodium ferulate and oxymatrine did not exhibit any synergistic inhibitory effect on cyclooxygenase (data not shown). The present study further explored the anti-inflammatory effects of this drug combination and focused on the underlying mechanism.
Aquaporins (AQPs) are cell-membrane proteins that have been reported to have a vital role in transporting water across cell membranes (10) . The present study hypothesized that sodium ferulate and oxymatrine may exert their anti-inflammatory exudation effect to reduce vascular endothelial cellular edema by affecting AQPs. In the present study, a mouse model of acetic acid-induced peritonitis was used to evaluate the effects of sodium ferulate and oxymatrine on anti-inflammatory exudation. By observation of the cell volume and AQP1 expression by omentum majus vascular endothelial cells and human umbilical vein endothelial cells (HUVECs), an approach was made to explain the anti-inflammatory exudation mechanism.
Materials and methods
Materials. Sodium fer ulate [molecula r for mula, C 10 H 9 NaO 4 x 2H 2 O; molecular weight, 252.20; Chemical Abstracts Service (CAS) no. 24276-84-4; high-performance liquid chromatography (HPLC) purity, >99%], oxymatrine (molecular formula, C 15 H 24 N 2 O 2 x H 2 O; molecular weight, 282.38; CAS no. 16837-52-8; HPLC purity, >98%) were provided by Beijing SL Pharmaceutical Co. Ltd. (Beijing, China). Sodium ferulate and oxymatrine were combined at a molar ratio of 1:2, which was determined by preliminary pharmaceutical and pharmacological tests (data not shown). At this molar ratio, the solution system was most stable with a pH value of 7.0, and the pharmacological activity was also the best in vivo and in vitro, (unpublished data Animals. Male Swiss mice (400 mice, at 4 weeks of age; Shandong Luye Pharmaceutical Co. Ltd., Yantai, China; quality certificate no. Lu 20090009) were used. The animals were kept under standard conditions (12-h light/dark cycle; temperature, 23±2˚C; humidity, 55±5%) and adapted to the surrounding environment for 3 days prior to the experiments. In order to reduce the animal individual differences, the healthy animals, weighting 18-22 g were selected for use in the subsequent experiments, because the drugs were administered on the basis of the animal weight (mg/kg). Other animals were returned to the animal department. The animals fasted, with access to water only for 12 h prior to the experiment, and following administration of drugs to the animals, food and water were provided ad libitum. The Experimental Animal Management Center of Yantai University (Yantai, China) approved all animal procedures of this study in accordance with the NIH Guidelines (11) for the Care and Use of Laboratory Animals.
Exudation inhibition ratio of Evans blue in mice with acetic acid-induced peritonitis. In order to investigate the anti-exudation activity of sodium ferulate and oxymatrine combination, the mice were injected with Evans blue and peritonitis was induced with acetic acid according to a previously described method (12) . Mice used in the experiment were randomly divided into a normal control group (saline), a model group (saline and acetic acid), 5 Each group contained 10 animals. The animals were intraperitoneally injected with the corresponding drug or drug combination in saline at a volume of 10 ml/kg. One hour later, 0.5% Evans blue solution (0.2 ml/mouse) was intravenously injected, followed by intraperitoneal injection of 0.9% acetic acid solution (0.2 ml/mouse). After 20 min, the animals were sacrificed and the peritoneal cavity was washed with 1 ml saline. Subsequently, the peritoneal lavage fluid was collected and centrifuged at 1,000 x g for 15 min at 4˚C. The supernatant was isolated and the optical density (OD) value of Evans blue was measured at 590 nm. The inhibition ratio of Evans blue was calculated using following formula: Exudation inhibition ratio = (1 -OD 2 /OD 1 ) x 100%, with OD 1 being the optical density of Evans blue in the peritoneal lavage fluid of the model group and OD 2 being the optical density of Evans blue in the peritoneal lavage fluid of the respective drug treatment group.
Number of leukocytes and the levels of IL-6, CRP and IFN-γ in peritoneal lavage fluid. The animals were randomly divided into a normal control group (saline), a model group (saline and acetic acid), dexamethasone group (DEX, 1 mg/kg), sodium ferulate group (19.4 mg/kg), oxymatrine group (43.1 mg/kg) and 3 sodium ferulate + oxymatrine combination groups (9.7+21.6, 19.4+43.1 and 38.8+86.2 mg/kg). Each group contained 10 animals. One hour after intraperitoneal injection with the corresponding drug or drug combination in saline (10 ml/kg), 0.9% acetic acid solution (0.2 ml/mouse) was intraperitoneally injected. After 6 h, the animals were sacrificed and the peritoneal cavity was washed with 1 ml saline. The peritoneal lavage fluid was collected and centrifuged at 1,000 x g for 15 min at 4˚C. The supernatant and sediment were isolated for the measurement of IL-6, CRP and INF-γ by ELISA in accordance with the manufacturer's instructions, and analysis of the number of leukocytes by a hematocyte counter, respectively.
Pathological and immunohistological analysis of omentum majus tissue. The animals were randomly divided into a normal control group (saline), a model group (saline and acetic acid), sodium ferulate group (19.4 mg/kg), oxymatrine group (43.1 mg/kg) and 3 sodium ferulate and oxymatrine combination groups (9.7+21.6, 19.4+43.1 and 38.8+86.2 mg/kg). Each group contained 10 animals. Treatment with drugs and acetic acid was performed as above. At 20 min after the last injection, the animals were sacrificed.
The omentum majus tissues were rapidly isolated and fixed with 10% formalin for 24 h for pathological analysis. The specimens were cut into 4-µm sections and stained with hematoxylin and eosin. The damage degree of omentum majus was evaluated by an independent observer (Pathological Department, Shandong Luye Drug Safety Evaluation Center Yantai, China; Good Laboratory Practice Lab as certified by the Chinese State Food and Drug Administration), who was blinded to the grouping. The damage score were obtained on the basis of vascular endothelial cellular morphology and blood capillary morphology. The scoring criteria for the surface morphology of vascular endothelial cells were as follows: 0, no significant change of cell surface morphology; 1, large number of villi and few cellular edema; 2, loss of presudopodium and edema of various cells; 3, significant protrusion into the lumen and formation of a cell gap (13) . The scoring criteria of damaged capillaries were as follows: 0, integrated capillaries with no significant damage; 1, mild damage but hardly any shedding of capillaries; 2, moderate damage with a small amount of capillaries shedding; 3, a large number of capillaries shedding (14) .
For immunohistochemical analysis, omentum majus tissue samples were washed with physiological saline and fixed in 4% paraformaldehyde for 24 h. The specimens were then dehydrated and embedded in paraffin. The tissues were cut into 4-µm sections, deparaffinized and hydrated in PBS (pH 7.4). The sections were treated with 3% H 2 O 2 at room temperature for 15 min to block endogenous peroxidase activity and blocked with 1% bovine serum albumin (BSA) for 20 min. The sections were sequentially incubated overnight at 4˚C with goat polyclonal antibody against AQP1 (dilution, 1:200 in PBS). The sections were then washed with PBS and incubated with horseradish peroxidase-conjugated secondary antibody (1:100) at room temperature for 15 min. After washing, the sections were incubated with diaminobenzidine for 3 min at room temperature. Finally, sections were counterstained with Mayer's hematoxylin. In the negative control, staining was performed using 0.01M PBS instead of the primary antibody. Following initial examination of hematoxylin and eosin-stained slides, the most appropriate sections were selected for semi-quantitative immunohistochemical analysis. AQP1 expression was determined using a semi-quantitative immunohistochemical method (15) .
Cell culture. HUVECs were maintained in RPMI-1640 medium supplemented with 10% (v/v) fetal bovine serum, 100 U/ml of penicillin and 100 µg/ml streptomycin. Cells were incubated at 37˚C in a humidified atmosphere containing 5% CO 2 . The medium was routinely changed every two days.
Assessment of the volume change of HUVECs.
HUVECs were seeded in a 6-well plate at a density of 1x10 4 cells/ml in 3 ml and incubated for 24 h. The cells were treated with sodium ferulate (100 µmol/l) or oxymatrine (200 µmol/l), or sodium ferulate + oxymatrine combination (50+100, 100+200 or 200+400 µmol/l). After incubation for 1 h, the cells were stimulated with acetic acid (8 mmol/l), except for the cells in the control well. After incubation for 20 min, the cells were diluted with PBS and collected by trypsinization. In a suspension with a density of 1x10 9 cells/l, the volume of the cells was detected by flow cytometry (BD FACS AriaⅡ; BD Biosciences, San Jose, CA, USA).
Immunocytochemical staining and microscopic examination. HUVECs were seeded onto coverslips in a 24-well plate (1x10 5 per well) and incubated in complete medium, containing fresh RPMI-1640 medium supplemented with 10% (v/v) fetal bovine serum at 37˚C under a 5% CO 2 for 24 h. The cells were treated with different concentrations of sodium ferulate (25, 50, 100, 200 or 400 µmol/l in medium) or oxymatrine (50, 100, 200, 400 or 800 µmol/l in medium), or sodium ferulate and oxymatrine combination (25+50, 50+100, 100+200, 200+400 or 400+800 µmol/l in medium), and incubated for 1 h. Acetic acid was then added to the corresponding wells at a concentration of 8 mmol/l. The same amount of solvent was added to the control wells. After 20 min of incubation, the cells were washed with PBS.
For immunocytochemical staining, the cells were fixed with 4% paraformaldehyde for 15 min and dried in air for 5 min (16) . Subsequently, cells on coverslips were blocked using 3% H 2 O 2 for 15 min at room temperature and rinsed with PBS as described previously (17) . After blocking, cells on coverslips were blocked with 1% BSA in PBS for 15 min at 37˚C. Next, the cells on coverslips were incubated with goat polyclonal AQP1 antibody (1:200) overnight at 4˚C. After rinsing with PBS, the horseradish peroxidase-conjugated secondary antibody (1:100) were used at room temperature for 15 min (18) . Following a further wash with PBS, the cells on coverslips were incubated with diaminobenzidine for 3 min at room temperature. Finally, samples were washed and stained with Mayer's hematoxylin. Coverslips were mounted on microscope slides. Semi-quantitative assessment was performed to evaluate the expression of AQP1 (19, 20) . The optical density was determined with Image-pro plus version 6.0 software (Media Cybernetics, Inc., Rockville, MD, USA).
Statistical analysis.
Values are expressed as the mean ± standard deviation. Differences among groups were analyzed using one-way analysis of variance followed by the unpaired Student's t-test with equal variance. SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

Effects of sodium ferulate and oxymatrine administered alone or in combination on exudation of Evans blue in mice with acetic acid-induced peritonitis.
The anti-exudation effects of the drugs were assessed in a mouse model of acetic acid-induced peritonitis. The results demonstrated that treatment with sodium ferulate or oxymatrine alone inhibited Evans blue leakage when the dose was >62.5 mg/kg (Fig. 1A  and B) . The highest inhibition rate was 37.71% for sodium ferulate and 41.85% for oxymatrine. The concentration leading to 50% inhibition (ID 50 value) was 372.0 mg/kg for sodium ferulate and 310.3 mg/kg for oxymatrine. However, treatment with sodium ferulate and oxymatrine combination at >9.7+21.6 mg/kg significantly increased the exudation inhibition ratio of Evans blue in an obvious dose-dependent manner (Fig. 1C) . The highest inhibition rate was 59.74%. The ID 50 value was 46.5+104.1 (mg/kg), which was far less than that of sodium ferulate or oxymatrine alone. The isobologram analysis showed that the ID 50 value of sodium ferulate and oxymatrine combination was below the isobol of the theoretical additive area, which indicated that the two drugs exerted a synergistic anti-exudation effect (Fig. 2) .
Effects of sodium ferulate and oxymatrine administered alone or in combination on the number of leukocytes in the peritoneal lavage fluid. The effects of sodium ferulate and oxymatrine administered alone or in combination on the leukocyte number in the peritoneal lavage fluid were determined in the mouse model of acetic acid-induced peritonitis (Fig. 3) . Treatment with sodium ferulate and oxymatrine combination (9.7+21.6, 19.4+43.1 and 38.8+86.2 mg/kg) significantly decreased the leukocyte number in the peritoneal lavage fluid compared with that in the model group (P<0.05 in the low-dose group; P<0.01 in the medium-and high-dose group). The inhibition ratio was up to 72.6% in the high-dose group. In addition, the results demonstrated that the leukocyte number in the peritoneal lavage fluid was also decreased in the oxymatrine monotreatment group (P<0.05), but not in the sodium ferulate monotreatment group at a dose equivalent to the medium dose in the combination treatment (19.4 and 43.1 mg/kg, respectively). In the DEX group, the leukocyte number in the peritoneal lavage fluid significantly decreased compared with that in the model group (P<0.01; Fig. 3 ), but no statistical significance was observed when the DEX group was compared with the combination drug treated group.
Effects of sodium ferulate and oxymatrine administered alone or in combination on the levels of IL-6, CRP and IFN-γ in the peritoneal lavage fluid. As shown in Fig. 4 , the levels of IL-6, CRP and IFN-γ in the peritoneal lavage fluid were significantly increased in the model group compared with those in the control group. Compared with the model group, after treatment with sodium ferulate and oxymatrine combination, the levels of IL-6, CRP and IFN-γ in the peritoneal lavage fluid were significantly decreased in a dose-dependent manner, and the effect was better than that in the monotreatment groups. In DEX group, the levels of IL-6, CRP and IFN-γ in the peritoneal lavage fluid also significantly decreased compared with that in the model group (P<0.01; Fig. 4) , and no statistical significance was observed when compared with the combination drug treated group. 
Effects of sodium ferulate and oxymatrine administered alone or in combination on vascular endothelial cell morphology, capillary construction and the expression of AQP1 in omentum majus. Pathological analysis of omentum majus
revealed that compared to the control group, the vascular endothelial cell morphology and capillary construction were severely damaged in the model group, including increased inter-cell gaps, protrusion into the lumen or exfoliation leading to capillary loss ( Fig. 5A and B) . After treatment with sodium ferulate and oxymatrine combination, the damage was significantly alleviated in a dose-dependent manner. The damage was also alleviated in the oxymatrine monotreatment group, but the effect was less than that of sodium ferulate and oxymatrine combined (Fig. 5C-G) . The omentum majus damage score were significantly and dose-dependently improved in the sodium ferulate and oxymatrine combination treatment groups, and a significant improvement was also seen in the oxymatrine monotreatment group (Fig. 6) .
The expression of AQP1 in vascular endothelial cells of the omentum majus was evaluated by immunohistochemistry (Fig. 7) . The results showed that the OD of AQP1 in the model group was significantly decreased compared with that in the control group. However, the OD was significantly higher in the sodium ferulate and oxymatrine combination groups compared with that in the model group (P<0.05 in the low-dose combination group; P<0.01 in the medium-and high-dose group). Sodium ferulate or oxymatrine monotreatment group did not significantly increase the OD of AQP1.
Effects of sodium ferulate and oxymatrine administered alone or in combination on the cell volume and the AQP1 expression of HUVEC. As shown in Table I , the forward scatter integral area (FSC-A) and side scatter integral area (SSC-A) were significantly increased in the model group compared with those in the control group. However, in the combination groups (50+100, 100+200 or 200+400 µmol/l), the FSC-A and SSC-A were significantly reduced in a dose-dependent manner. The expression of AQP1 was detected by immunocytochemisty (Fig. 8) . The results showed that the OD of AQP1 was significantly decreased in the model group, compared with that in the control group. However, compared with the model group, the OD in the sodium ferulate and oxymatrine combination treatment groups was significantly increased when the concentration was >50+100 µmol/l. Furthermore, the OD of AQP1 in the sodium ferulate or oxymatrine monotreatment groups was significantly elevated compared with that in the model group when the drug concentration was >100 µmol/l (P<0.05).
Discussion
The inflammatory response, a basic pathological process, is characterized by cell damage, inflammatory exudation and tissue hyperplasia, including cellular edema, degeneration and necrosis, tissue fibrosis as well as inflow of blood components and inflammatory corpuscles to damaged tissue (21) . Among them, inflammatory exudation and cellular edema are major pathophysiological characteristics in the early phase of the inflammatory response meaning acute inflammation, and usually lead to vulnerability to organ damage such as acute lung edema and peritonitis (22) . Previous studies by our group found that sodium ferulate and oxymatrine combination significantly alleviate the acute inflammatory response (23) . Based on a comprehensive analysis of these results, it was hypothesized that the drug may have a significant anti-exudation effect. Among the numerous animal models, the mouse model of acetic acid-induced peritonitis is commonly used to estimate anti-exudation effects of drugs (12) , and is characterized by increased vascular permeability, fluid exudation, leukocyte migration and inflammatory cytokine release to the abdominal cavity (24) . In this model, the degree of Table I . Effects of sodium ferulate and oxymatrine administrated alone or in combination on the volume of human umbilical vein endothelial cells. inflammatory exudation is evaluated by non-subjective quantification of these indicators.
FSC-
Evans blue is a chemical dye, which easily combines with plasma protein. Only when capillary permeability is increased, Evans blue combined with protein inflows to the abdominal cavity from capillaries. Following intravenous injection of Evans blue and induction of peritonitis with acetic acid in mice, the amount of Evans blue leakage reflecting vascular permeability may be evaluated by measurement of its OD value at 590 nm in the peritoneal lavage fluid and the inhibition ratio was calculated as previously described (25) . In the present study, the OD value of Evans blue in the peritoneal lavage fluid was markedly increased in the model group, meaning that plasma protein leaked out of blood vessels and reflecting that the vascular permeability was increased. Treatment with sodium feulate and oxymatrine combination significantly relieved the acetic acid-induced inflammatory exudation in a dose-dependent manner, as represented by an increased exudation inhibition ratio of Evans blue, and its effect was better than that of the each drug alone. More importantly, the isobologram analysis demonstrated that the experimental ID 50 of sodium ferulate and oxymatrine combination was under the isobol of the theoretical additive area, indicating that the two drugs possessed a synergistic anti-exudation effect.
With increasing vascular permeability and leukocyte migration to the inflammatory site, large amounts of inflammatory cytokines were released, which were found in the model group. Treatment with sodium feulate and oxymatrine combination also significantly decreased the leukocyte number as well as the levels of IL-6, CRP and IFN-γ in the peritoneal lavage fluid induced by acetic acid, and its effect was better than that of each drug alone at doses equal to those in the medium combined group, which verified the results of previous studies by our group, which reported that sodium ferulate and oxymatrine combination significantly reduced the levels of IL-6, CRP and IFN-γ in serum or tissue homogenate of other mouse models (5, 6, 23) . IL-6, a pro-inflammatory cytokine, has a vital role in the process of inflammation and macrophage activation (26) (27) (28) . CRP is a non-specific biomarker of inflammation, which is closely associated with tissue injury (29) . IFN-γ is also a potent pro-inflammatory cytokine resulting in damage of tissue (30) . Comprehensive analysis of the anti-inflammatory effects of certain drugs revealed that they reduced the permeability of blood vessels, inhibited inflammatory corpuscle inflow to the inflammatory site and reduced the release of inflammatory factors, which indicated that these effects may be a cascading reaction.
A recent study found that damaged vascular endothelial cells are among the reasons for increased vascular permeability (31) . In the present study, the vascular endothelial cellular morphology and blood capillary morphology were assessed. The vascular endothelial cellular morphology and the integrity of blood capillaries were significantly reduced in the model group. However, treatment with sodium ferulate and oxymatrine combination significantly improved the surface morphology of vascular endothelial cells and alleviated the amount of damaged blood capillaries. In order to study the effect of the drugs on vascular endothelial cell edema, volume changes of HUVECs were assessed by flow cytometry. Flow cytometry is a novel technology using a laser beam to measure single cells in the flow to rapidly and accurately analyze or quantitate their physical and chemical characteristics. FSC is a parameter measuring light scattered by <10˚ as a cell passes through the laser beam to detect the surface properties of cells. The FSC value is proportional to cell size (32) , and its signal is expressed as FSC-A. Treatment with sodium ferulate and oxymatrine combination significantly reduced the FSC-A value, indicating that drugs in combination alleviate cellular edema. This suggested that the anti-exudation effect of the combination of sodium ferulate and oxymatrine may be associated with alleviating vascular endothelial cellular edema. In addition, SSC, also referred to as 90˚ scatter or right-angle scatter, includes light scattered at a 90˚ angle as a cell passes through the laser beam and reflects its interior properties. The SSC value is associated with the internal granularity or complexity of a particle, and its signal is expressed as the SSC-A. After treatment with the combination of sodium ferulate and oxymatrine, the SSC-A value was also decreased, indicating a decrease of intracellular particles, which will be further elucidated in a future study.
It is well-known that increased intracellular water is the basic characteristic of cellular edema (33) . AQP1 is a water channel protein and its function is mainly to transport water across the plasma membrane, contributing to water homeostasis of cells (34) . AQP1 is expressed in a great majority of microvascular endothelia, as well as in endothelial cells of tissues including the cornea and intestinal lacteals (35) . Kim et al (36) found that decreased expression of AQP1 in the choroid plexus led to a decrease in cerebrospinal fluid formation. The present study therefore hypothesized that vascular endothelial cellular edema induced by acetic acid was associated with increased AQP1 expression, and after the drug treatments, the expression of AQP1 decreased in vascular endothelial cells, which reduced vascular endothelial cellular edema, alleviated capillary permeability and decreased the amount of peritoneal fluid induced by acetic acid. To verify this surmise, the effects of sodium ferulate and oxymatrine combination on AQP1 expression on the membrane of the vascular endothelial cells of the omentum majus and HUVECs were assessed. However, immunohistochemical analysis of omentum majus and HUVECs revealed that the expression of AQP1 was significantly decreased after acetic acid stimulation, while it was significantly increased after treament with a combination of sodium ferulate and oxymatrine, which is the opposite effect of what was expected. The possible explanation is that the vascular endothelial cellular edema induced by acetic acid were due to water retention through an increase in intracellular metabolism, which was caused by a reduction of transportation channels represented by their decreased expression. After the drug treatments, the expression of AQP1 increased in vascular endothelial cells, which was in parallel with a reduction of vascular endothelial cellular edema and alleviation of the increased capillary permeability induced by acetic acid. Furthermore, in the present study, intracellular particulate substance was significantly increased after acetic acid stimulation, which was represented by an elevated SSC-A in the flow cytometric analyses, and may be one of the major causes of cellular edema. The type of intracellular particulates that are increased and the underlying mechanism, as well as the mechanism of intracellular water accumulation will be assessed in future studies. For answering these questions, appropriate methods are to be identified.
In conclusion, sodium ferulate and oxymatrine combination exhibited significant and synergistic anti-exudation effects, alleviating vascular endothelial cellular edema induced by acetic acid. The significant effects of the drugs on AQP1 and the underlying mechanisms require further exploration.
